Abstract. This paper is based on the theory of computational fluid dynamics (CFD), the turbulent flow field of turbocharger is numerically simulated by fluid-solid coupling method, and the flow field cloud of the turbine is obtained. By comparing the calculated efficiency and experimental values, we can see that the error between the two does not exceed 5%. The simulation accuracy is verified. Through the improvement of the turbine blade through the three-dimensional modeling software, the modified turbine is re-simulated. The results show that the improved turbo expansion ratio is improved by 0.05 and the turbine efficiency is improved by 4.55%.
Introduction
At the beginning of the 20th century, the advent of turbocharging technology has effectively promoted the development of internal combustion engine, completely changed the appearance of the internal combustion engine [1] . Especially in the 1970s, after the turbocharging technology was promoted and applied on the engine, it has always been considered an important development of internal combustion engine technology [2] . This technology can also improve the thermal efficiency of the engine, and reduce vehicle exhaust emissions and noise and fuel consumption, and ensured that the car can get a good fuel economy. At present, the supercharger is developing rapidly in the direction of high speed, high voltage ratio, high reliability and high efficiency.
Turbochargers are very important working parts of the engine. However, the turbine working environment is relatively poor; especially the impeller is vulnerable to damage. Therefore, we need to understand the flow field characteristics inside the turbine to improve turbine efficiency and improve turbocharger performance [3, 4] . Due to the extremely complex internal and external dimensions of the turbocharger, it is difficult to measure and improve the internal turbulence flow field distribution of the turbocharger by means of experimental verification, and this method requires a lot of manpower and material resources, it is difficult to ensure the accuracy of the data. Therefore, simulation for the purpose of improvement becomes even more important [5] . Based on the theory of CFD, this paper simulates and analyzes the JP60S turbocharger with ANSYS software, and improves the turbine blade by using 3D modeling software.
Calculation Model and Method

Calculation Model
The model used for this simulation is the JP60S exhaust turbocharger. As the turbocharger has irregularity, it is not easy to directly simulate. Therefore, the model is introduced into the mesh pre-processing software (Hypermesh) to make a slight modification to remove unwanted surface in the simulation. Finally, the volute and the impeller are extracted from the original model, and the three-dimensional model needed for the simulation is obtained. The number of leaves is 10, the impeller inlet diameter is 60mm, the outlet diameter is 43mm, as shown in Figure 1 . 
Meshing
After the completion of a simplified model, the most important pre-processing is meshing [6] . The quality of the grid plays a very important role in numerical simulation of computational efficiency and computational accuracy. After a comparative study, it is found that the quality of the grid will affect the speed of the convergence. If the quality of the grid is too poor, it may cause the residuals to converge too slowly in the calculation, and even lead to no convergence. Therefore, it is necessary to give enough attention to the grid generation method. The mesh model is divided into two parts in this paper. The first part is the impeller model, as shown in Figure 2 ; the second part is the volute fluid model, as shown in Figure 3 . The first part is the use of ANSYS ICEM module, automatically generate unstructured grid, the grid of the second part is done in Hypermesh. The resulting grid has no negative grid, the minimum orthogonality is not less than 16.17, the aspect ratio is 270.74, the extension ratio is 2.69, and the higher quality mesh is obtained. Finally, the total number of grids was about 1.15 million.
Setting of Boundary Conditions
Reasonable setting of boundary conditions is a more important part of fluid simulation calculation, which will directly affect the stability and accuracy of simulation. The required boundary condition parameters are shown in Table 1 . After the calculation is completed, it can be seen from Figure 4 that the pressure at the inlet of the impeller pressure field is relatively high. This was because the high-speed gas from the volute exit into the impeller near the area by the impeller to impede the gas and thus impacted on the impeller. The flow velocity of the gas is reduced, and the kinetic energy of the part of the gas is converted into the impeller pressure to push the impeller to rotate at high speed, so the pressure at the inlet of the impeller is relatively high. The gas then flows out of the turbine outlet and the gas expands, so the pressure is reduced. In the volute parts, it can be seen that the inlet section is the highest pressure, the maximum pressure reached 108900Pa.The pressure is gradually reduced from the inlet to the volute. This is due to the gradual expansion of the gas in the volute and a lot of gas from the pressure can be converted into gas kinetic energy.
Analysis of the Results
Distribution of Impeller Pressure Field
The Efficiency of Turbine
In order to verify the feasibility of the simulation, comparing the calculated turbine efficiency with the experimental turbine efficiency, the calculation formula of turbine efficiency [7, 8] is as follows:
Where P T1 is the average total pressure of the turbine inlet, the unit is Pa; P S2 is the average static pressure at the turbine outlet, the unit is Pa; T T2 is the average total temperature for turbine imports, the unit is T; T T1 is the average total temperature of the turbine outlet, the unit is T; k is the adiabatic index. It can be seen from Figure 5 that the relative efficiency of the turbine increases with the turbo expansion ratio. Since the turbine was simplified before the simulation, the simulation results were slightly larger than the experimental results. The overall trend is basically consistent with the experimental results. The error between test value and simulation value is less than 5% [9, 10] .According to the CFX manual, the error is within the allowable range, indicating that the simulation method meets the requirements.
Improvement of Impeller Blade Type
Using the three-dimensional modeling software to modify the A in Figure 6 (a) to get the Figure 6(b) . The modified curvature is 10º~20º higher than before. Figure 7 shows the re-simulated pressure profile. It shows that turbine expansion ratio increased by 0.05, turbo efficiency increased by 4.55%.As can be seen from the pressure field distribution of the volute in Figure 7 (b) the modified impeller has no obvious change to the maximum pressure in the volute and the pressure at the volute outlet is more stable. In general, the pressure field inside the volute is relatively stable, and the working condition of the turbocharger is good. 
Summary
In this paper, the turbo turbocharger is numerically simulated and the impeller is improved by fluid-solid coupling method. Comparing the influence on the flow field characteristics and the change of the turbine efficiency between the new impeller and the original impeller, the following conclusions can be drawn:
(1) The improved flow field distribution of impeller and volute pressure is more uniform. It is conducive to the gas to promote the impeller rotation at a stable speed. It also can effectively reduce the energy loss and flow loss during the collision process.
(2) Compared with the original impeller, the improved turbo expansion ratio increased by 0.05, turbo efficiency increased by 4.55%. 
